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SLAVED BIOPSY DEVICE, ANALYSIS
APPARATUS, AND PROCESS

FIELD OF THE INVENTION

This invention relates generally to medical instru-
mentation and relates specifically to a slaved biopsy
device for obtaining tissue samples from a prostate tu-
mor, the apparatus and process for analyzing same, and
a device and process for treatment of prostate cancer
with several techniques utilizing the slaved biopsy de-
vice as a means of internal application of these tech-
niques.

BACKGROUND OF THE INVENTION

A prostate examination and treatment system and
process 1s disclosed in applicants’U.S. Pat. No.
5,282,472. The present invention is specifically designed
for and intended for use with this patented system and
process, which is incorporated herein by reference. In
one aspect of this patented invention, an ultrasonic sys-
tem 1s employed for detecting, identifying and precisely
locating tumors in the prostate gland of a patient. Once
a tumor is positively located and identified, it 1s essential
to obtain a biopsy thereof to confirm the need of, or to
assist in the decision of what operative or treatment
procedures should be employed. The practice of the
present invention is not limited to use with the patented
system but is deemed operable with any ultrasonic pros-
tate tumor detecting system.

Present procedures for obtaining a biopsy of prostate
tumors frequently are painful, result in frequent false
negative results, and frequent infections that hinder the
healing process.

Accordingly, it is an object of the present invention
to provide an improved system for obtaining a prostate
biopsy {issue sample.

Another object of the present invention is {0 provide
a prostate biopsy tissue sample taking system that en-
sures that the tissue sample taken is removed from the
center of the suspected tumor.

A further object of the present invention is a system
for taking a biopsy tissue sample from within an area
identified as a tumor by an ultrasonic urethral prostate
examination probe.

An additional object of the present invention is to
provide a biopsy system that is guided and aimed under
the control of the same data acquisition computer em-
ployed to locate and define a tumor of the prostate.

An additional object of the present invention is to
provide a biopsy needle aimed by a computer under the
direction of an operating physician to ensure accuracy
of the deployment of the biopsy needle into an identified
tumor. |

A still further object of the present invention is to
provide a system for extruding a biopsy needle into the
computed center of a defined tumor on a defined geo-
metrical path to ensure absolute accuracy in obtaining
the tissue sample.

Another object of the present invention is a biopsy
system that provides verification and absolute control
to the operating physician 1n positioning the biopsy
needle.

Another object of the present invention 1is to provide
a system and process whereby a tumor tissue sample
taken by a biopsy needle can be removed from the pa-
tient for examination and, if malignancy is indicated, the
biopsy needle can be replaced by a conduit for the intro-
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duction of varnious treatment modalities such as, ther-
mal, surgical, radiological, high energy, cryogenics, or
other methods, to thereby provide a system to treat or
destroy the tumor without the need for surgical-remo-

val of the prostate.

A further object of the present invention is to provide
a biopsy needle system that includes the ability to opti-
cally inspect, seal the exit wound, and disinfect the
rectal wall at the point of biopsy needle penetration to
thereby minimize the occurrence of secondary infec-
tion.

A further object of the present invention is to provide
a biopsy needle system that permits the insertion of a
fiber optic light to illuminate the tumor tissue and
thereby facilitate malignancy determination thereof.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, the
foregoing and additional objects are attained by em-
ploying an ultrasonic, prostate tumor, detecting device,
such as the patented, computer controlled, ultrasonic
mapping probe referred to hereinbefore. In this pa-
tented system, the ultrasonic probe is inserted within
the urethra of a patient 10 map the urethral area and to
determine the existence, and pin-point the location, of
any tumor present in the prostate capsule.

Once the tumor 1s located and indicated on the com-
puter screen by this patented system, a rotatable, slaved,
biopsy probe is inserted into the patient’s rectum under
the control of the same computer system. The biopsy
probe i1s provided with a gimbaled tip end portion
thereon that houses an ultrasonic receiver for detecting
the ultrasonic energy being emitted through the pros-
tate and directed to the tumor therein. The computer
controls permit controlled rotation of the biopsy probe
and vertical tilting of the gimbaled tip thereon to enable
(via interaction with the computer display) precise
alignment of the central axis of the ultrasonic receiver
on the anal probe, with the tumor in the prostate. The
detected ultrasonic energy comprises that particular
scan disk emanating from the prostate examination and
mapping probe transducer, of the patented system,
which intersects the tumor location. The slaved biopsy
device of the present invention employs a beam finding
mechanism (ultrasonic receiver) to ensure an accurate
alignment of the vector of the biopsy needle carried by
the biopsy probe with the plane of the ultrasonic scan.

The slaved biopsy probe of the present invention is
employed to align a biopsy needle carried concentri-
cally to the axis of the ultrasonic receiver mounted
therein, with the detected tumor, utilizing the same
ultrasonic signals, and computer system, as that of the
urethral probe. Once the biopsy probe is properly
aligned with the detected tumor, a biopsy needle is
extended from the probe, through the rectal wall, into
the center of the detected tumor, and a biopsy tissue
sample extracted therefrom.

This biopsy tissue sample is removed and analyzed
while retaining the slaved biopsy probe intact for the
insertion of appropriate treatment structure, which can
include various treatment modalities such as, thermal,
surgical, chemical, radiological, high energy and cryo-
genics, or other methods. Suitable pores are provided in
the end of the probe to dispense a lubricant and an
anesthetic during probe insertion into the rectum. As
withdrawn, an antiseptic cleanser washes down the area
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of biopsy needle penetration and the opening caused
thereby the rectal wall is sealed.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and
many of the attendant advantages thereof will be better
understood when considered in connection with the
accompanying drawings wherein:

FIG. 1 1s a schematic, part sectional, view of the
slaved biopsy probe of the present invention, and instru-
mentation therefor, as employed with the referenced
patented, ultrasonic, urethral, mapping probe;

FIG. 2 1s an enlarged, part schematic, part sectional,
view of the slaved biopsy probe shown in FIG. 1;

FIG. 3a 1s a schematic, sectional, anatomical view of
a diseased prostate showing a tumor therein and the
ultrasonic detection pattern from an ultrasonic urethral
probe and the biopsy probe disposed within the patient’s
rectum;

F1G. 3b 1s similar to FIG. 3a and illustrates the posi-
tioning of the biopsy needle to penetrate and take a
sample tissue from the tumor;

FIG. 3c is similar to FIG. 35 and shows the biopsy
needle contacting the tumor; |

FIG. 3d 1s similar to FIG. 3¢ and illustrates the biopsy
needle extracting a tissue sample from the center of the
detected prostate tumor;

FIG. 4a is a part sectional, part schematic, view of the
needle retracting mechanism that also provides access
to the patient for tumor treatment without removal of
the slaved biopsy probe from the patient;

FI1G. 4b 1s a part sectional, part schematic, illustration
of one needle cutting mechanism for taking a biopsy of
a tumor within the prostate of a patient;

FIG. 5a 1s a part sectional, part schematic, illustration
of an alternate embodiment of the biopsy needle em-
ployed in the present invention;

FIG. 3b 1s an enlarged schematic view of the biopsy
needle dispenser employed in the embodiment illus-
trated in FIG. 5a;

FIG. 3¢ is a perspective view of the needle tip em-
ployed in the biopsy needle shown in FIG. 5q;

F1G. 54 is a sectional view of the biopsy needle as
taken along line V—V of FIG. 5a;

FI1GS. Se-3h are sectional views of the biopsy needle
illustrating the sequence of needle tip movement during
the taking of a tissue sample from a prostate tumor;

FIG. 6a 1s a schematic representation of another em-
bodiment of the biopsy needle and needle dispenser
system employed in the slaved biopsy system of the
present invention;

FIG. 6b 1s an illustration of the sequence of cutting
actton performed by the biopsy needle shown in FIG.
60,'

FIG. 6c is a top perspective of the biopsy needle
shown in FIG. 6a during a cutting procedure;

FIG. 64 1s a side perspective of the biopsy needle as
shown in FIG. 6c¢ as the cutting procedure progresses:

FIG. Ta-7c are part sectional, part schematic, views
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of a curved biopsy needle employed in the present in-

vention to reach tumors at diverse locations within the
prostate;

FIG. 7d is a part sectional, part schematic view of the
curved biopsy needle shown in FIGS. 7¢-7¢ when in
the fully retracted position;

FIG. 7e is a part schematic side perspective of the
slaved biopsy probe of the present invention when em-
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ploying the curved biopsy needle shown in FIGS.
Ta-1d;

FIG. 8a is a part sectional, part schematic, perspec-
tive, view of a sample cutting system for analysis of the
tissue sample taken by the slaved biopsy system of the
present invention;

FIG. 8b 1s a part sectional, part schematic side view
of the sample cutting system shown in FIG. 7a¢ and
illustrating the automated sample transportation, com-
puter analysis, and display portion for analyzing the cut
tumor tissue sample; and

FI1G. 9 is a part sectional, part schematic, view of an
alternate sample analysis system for analyzing the cut
tumor tissue sample.

DETAILED DESCRIPTION

Referring now to the drawings, and more particu-
larly to FIGS. 1 and 2, the slaved biopsy device of the
present invention is shown and designated generally by
reference numeral 10. Biopsy probe 10 is provided with
a gimbaled head portion 12, and an elongated shaft
portion 14. The aft end of probe 10 is gear connected to
a stepper motor 16 via gears 17, 18 to effect controlled
rotation of the probe, as will be further explained here-
inafter. A motor 19 serves to provide a push/pull action
to a rigid shaft 20 connected at one end thereto. The
other end of shaft 20 is secured to a pin 23 on gimbaled
head 12 to effect pivotal movement thereof about pivot
pin 24 to thereby adjust the vertical angle of gimbaled
head 12 to that desired, as will also be further explained
hereinafter. An additional stepper motor 26 is geared to
linear gear teeth 27, disposed over a portion of the
length of probe shaft 14, and serves to insert and with-
draw probe 10 within (and from) rectum 29 of a patient,
as will also be further explained hereinafter.

An ultrasonic receiver 32 is carried by gimbaled head
12 and surrounds a biopsy needle 34. As schematically
shown, biopsy needle 34 is employed to penetrate and
extract a tissue sample from a tumor 35 that is located
within the prostate capsule 36 of a patient. Biopsy nee-
dle 34 1s aligned with the tumor 35 by focalizing on
ultrasonic beam 37 by ultrasonic receiver 32. Ultrasonic
beam 37 is obtained as part of the scan pattern 38 emit-
ted by rotating ultrasonic transducer 39 carried by ure-
thral mapping probe 40.

The entire operation of urethral mapping probe 40,
and the slaved biopsy probe assembly 10 is controlled
by an attending physician, or other medical personnel,
through a data acquisition computer and control assem-
bly 47. The movement and actions of mapping probe 40
and the slaved biopsy probe 10, including the action of
biopsy needle 34, is visible to, and monitored by the
attending medical personnel operator via computer
display screen 48, as will be further described hereinaf-
ter.

The step and rotating scan function of the patented
system generates a series of ultrasonic beams in a pat-
tern resembling spokes on a bicycle wheel, as schemati-
cally shown in FIG. 3a and designated by reference
numeral 38. The hub of the wheel pattern 38 is centered
on the urethra because the ultrasonic transducer 39 is
rotating as it moves through the prostatic urethra 41
inside the probe tube 40 (FIG. 1) for examination and
mapping thereof. The scan pattern 38 (FIG. 1) may be
visualized as a stack of bicycle wheels, where each
wheel represents one axial step of the transducer 39, and
the spokes represent the rotating pulsed ultrasound
beam as 1t scans each circular portion of prostatic tissue.
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In order to geometrically align the vector which will
correctly place the tip of biopsy needle 34 into the cen-
ter of an identified tumor 35, that vector must be con-
gruent with the plane of the scan wheel, or disk, which
intersects the center of the tumor 35.

Since the rectum 29 (FIG. 3) lies behind and adjacent
to the prostate 36, as the ultrasound beam traverses that
portion of the prostate 36 that lies between the urethra
and the rectum, this beam will be detectable to ultra-
sonic receiver 32 positioned within the rectum 29 of the
patient. The Iumen of biopsy needle 34 (FIG. 2) is filled
with a retractable plug 49 having a tip end in the shape
of a convex wedge 50. Wedge tip 50 acts as an effective
ultrasonic reflector in the approach mode of needie
insertion to give visual feedback to the physician, to
ensure an accurate alignment of the ultrasonic scan
wheel.

Further description of the retractable tip 49 and the
function for ultrasonic reflector 50 will be given herein-
after. The need for ultrasonic receiver 32 and ultrasonic
reflector 50 is due to the fact that the prostate examina-
tion and mapping probe 40 flexes to accommodate itself
to the natural bend 43 where the urethra exits the penis
and enters prostatic capsule 36. Therefore, the angle of
the axis of the examination and mapping probe 40, and
thus the plane of the scan wheel, which is at right angles
to that axis, is a variable.

Referring more particular to FIG. 2, gimbaled head
12 of slaved biopsy probe 10 includes a series of ports 51
for dispensing Iubricant and an anesthetic therethrough
to lubricate rectal wall 29 and thereby reduce, or mini-
mize, the risk of infection and patient discomfort during
insertion and removal of probe 10. Ports 51 are con-
nected through suitable conduits extending the length
of slaved biopsy probe 10 to suitable lubricant and anes-
thetic reservoirs at the base of the probe. These con-
duits and reservoirs are not illustrated in the drawings,
or further described herein, in the interest of brevity
and clarity. An additional port 52 is provided in gim-
baled head 12 of slaved biopsy probe 10 and serves to
dispense a suitable antiseptic cleanser (from a suitable
source, also not shown) to wash down the area in rectal
wall 29 through which the biopsy needle 34 will pene-
trate.

An optical pick-up 53, recessed in a depression 54 in
the sidewall of probe shaft 14, permits physician moni-
toring of the biopsy probe placement and retrieval. The
recessed placement of optical pick-up is necessary to
provide focal length clearance between the lens and the
rectal wall 29. Visual images obtained by optical pick-
up 33 are displayed on the control computer screen 48.
A “Fuzzy Logic” control program within computer 47
uses a signal strength maximization, feedback program
with the signal strength of the ultrasonic signal received
by the ultrasonic receiver element 32 as the source.
There are three separate mechanical movements in-
volved in aligning slaved biopsy probe 10 with the
detected tumor 335 (FIG. 3). The first is an axial move-
ment of the entire probe portion to bring the portal 45,
through which biopsy needle 34 emerges through the
side of the slaved biopsy probe gimbaled end 12, to a
position immediately adjacent to the periphery of the
scan plane 37 containing the identified tumor 35. This
movement 1s provided by a stepper motor assembly 26
initiated by the operating medical personnel and then
governed by a signal strength feedback computer pro-
gram in the computer controls and computer 47.
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The second movement then aligns the vector of the
biopsy needle extrusion with the plane of the scan disk
37 (FIG. 1) regardless of the angle of that scan disk to
the slaved biopsy probe shaft 14. The ultrasonic re-
celver element 32, as discussed hereinbefore, is annular
in shape and is concentrically located around the biopsy
needle exit portal 45 on gimbaled end 12. The vertical
angle of the gimbaled end 12 is determined by the out-
put of the “Fuzzy Logic” control program and set at
the determined location via motor 19 and shaft actuator
20. This actuator manipulates the vertical angle of gim-
baled end 12 to provide perfect alignment of the ultra-
sonic receiver 32 and biopsy needle exit portal 45
mounted thereon, with the plane of the scan disk (FIG.
3). Since biopsy needle 34 is extruded through port 45 in
a straight line, perpendicular to and from the center of
the plane of the ultrasonic receiver element 32, it is
perfectly aligned with the plane of the scan disk 37 in
which the identified tumor 35 is located.

An 1mndication is then presented to the operating phy-
siclan on the computer screen 48 that the alignment is
correct. At this time, the physician places the on screen
cursor on the exact point within the scan disk where it
1 desired to take the biopsy. The computer system 47
will them compute the radial angle and the depth of
penetration which will place the tip of the biopsy needle
34 1n the exact center of the identified tumor 35 when it
1s extruded.

In the third mechanical movement, stepper motor 16
rotates the body of the slaved biopsy probe 10, and thus
the exit portal 45, to the correct angle (FIG. 3b) within
the patient’s rectum, under the control of computer 47.

Biopsy needle 34, in the preferred embodiment illus-
trated in FIG. 2, is in the form of a tube of memory
material (metal, plastic or composite), which moves
within the slaved biopsy probe 10 in a curved, tubular,
flexible passageway 55. Passageway 55 holds the mem-
ory material tubular needle 34 in the curved shape to
permit it to fit inside the dimensions of the slaved biopsy
probe 10 when the needle is in the retracted position.
The distal end of passageway 55 is attached to the nee-
dle exit portal 45.

Immediately before arriving at exit portal 45, pas-
sageway 33 passes through an encircling tubular heat-
ing element 57 (FIG. 2). When the operating physician
commands the biopsy to be taken, the memory material
needle tube 34 is pushed out of the orifice of passage-
way S5 and through exit portal 45. As needle 34
emerges, 1t 1s heated via heating element 57 causing the
tubular needle to straighten and stiffen. Biopsy needle
34 1s then extruded in a straight line to the point of
intersection with the computed position of the sus-
pected tumor 35 (FIG. 3¢). As described hereinbefore,
to ensure that the tissue sample may only be taken at the
point of interest, the lumen of needle tube 34 is filled
with retractable plug 49. The slightly convex wedge
face 50, of retractable plug 49, acts as the penetrating
point of biopsy needle 34 during insertion, and also acts
as an effective ultrasonic reflector in the approach mode
of the insertion to give visual, positional feedback to the
physician.

Thus, once the ultrasonic system within the prostate
examination and mapping probe 40 (FIG. 1) has com-
puted the coordinates for the destination point of the
biopsy needle tube 34, it then switches into a narrow
angle scan mode 37 (FIG. 3b) covering the expected
approach path of biopsy needle tube 34. This enables
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the physician to see the approach of the biopsy needle
tube 34 to the 1dentified area on the computer screen 48.

At this point, the physician commands the plug 49 to
be withdrawn at the appropriate point in the approach
path (optionally, this can be a computer directed func-
tion), to permit the biopsy needle tube 34 to cut out a
sample of tissue in the principal area of interest (FIG.
3d).

The lower end of instrument passageway 55 (FIG. 2)
through which the biopsy needle tube 34 moves, slid-
ably interfaces with a top port 58 located in the top
center of a rotary instrument selection cylinder 60. A
shallow, S-curve passage 62 extends through cylinder
60 from top port 58 to a bottom port 64 at the base of
cylinder 60. The lower port 64 opens near the periphery
of the bottom face of cylinder 60, thus providing an
off-set interface between the instrument passageway 55
and a group of instrument feed tubes 66. By rotating
instrument cylinder 60, the instrument selection passage
62 will connect the upper port 58 with one of the ring of
instrument feed tubes 66 which slidably interface with
the lower face of cylinder 60. Each of these feed tubes
contain a different functional element 67 which can be
moved through the instrument selector passage 62
within the instrument selection cylinder 60, through the
instrument passageway 55, out of the exit portal 45, and
into the identified tumor 35.

The normally selected instrument is the concentric,
biopsy needle/wedge plug (34/49) combination. As
illustrated in FIG. 4, biopsy needle tube 34 extends
through the curved passageway 55, the rotary selector
passageway 62, and one of the instrument feed tubes 66
to protrude at its lower end into a drive mechanism
including a motor 68 and a capstan/idler wheel assem-
bly 70,71. The capstan/idler wheel 70,71 bears on the
outside of the biopsy needle tube 34 to drive it forward
into tumor 35, or back, to withdraw needle 34 into it’s
designated instrument feed tube 66 to clear the way for
deployment of other instruments through the passage-
way 5J. |

The integral shaft on internal concentric wedge plug
49 extends through the entire lumen of the biopsy nee-
dle tube 34 and protrudes past the end thereof for a
sufficient distance to engage another drive mechanism
consisting of a drive motor 73 and a capstan/idler wheel
combination 74,75. Thus, the wedge plug 49 can be
moved with the bropsy needle tube 34 forward, or inde-
pendently backward to clear the end lumen of the bi-
opsy needle tube 34 for the taking of the tissue sample
from tumor 35. As shown in FIG. 4b, the actual cutting
mechanism of the biopsy needle 32 is essentially the
same as is used in conventional biopsy needles. The
inner plug 49 is extended forward via its shaft beyond
the cutting tip of the biopsy needle within tumor 35 via
capstan/idler wheel combination 74,75 to expose a de-
pression 76 behind the tip end thereof. The tumor tissue
35 bulges, or presses, into depression 76 and plug 49 is
retraced back into needle 34. This pushes the portion of
tumor tissue in depression 76 against the cutting edge 77
of biopsy needle 34, shearing it off. The sheared off
tissue remains in depression 76 and is carried, with plug
49, back though needle 34, curved passageway 55, ro-
tary instrument cylinder 60 and into a collection area
within the designated instrument feed tube 66 from
which it can be extracted for examination.

If the tumor 35 is confirmed as malignant, and if the
patient is being examined at a relatively early stage of
cancer growth, the slaved biopsy probe 10 may be used
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to provide a pathway, via the instrument selection cyl-
inder 60 and the multiple feed tubes 66 for direct treat-
ment of the condition.

Thus, if the determination i1s made that the tissue
sample i1s indeed cancerous, the appropriate treatment
instrument may be deployed from 1ts designated feed

tube 66, through the rotary selector cylinder 60, which
has been rotated to a position connecting the selected
instrument feed tube and the curved passageway 55.

The selected treatment instrument is extended out
through port 45 to deliver the selected cancer treatment
directly to tumor 35.

A number of modalities could be employed in this
manner without removal of biopsy probe 10. For exam-
ple, the selected treatment instrument could deliver
thermal energy, etther via a fiber optic laser, or an elec-
tric heater, to coagulate the protein of the area and
cause local cell necrosis within the tumor. Also, a cryo-
genic treatment instrument could be deployed through
biopsy probe 10 to freeze the tumor. In some patients
the tumor size may already be too large for these treat-
ments at the time of the first examination. In that case,
the slaved biopsy probe 10 can be used to deliver potent
anti-cancer drugs by injection directly into the tumor,
as a possible alternative. Also, it is possible to employ a
mechanical cutting treatment instrument, similar but
smaller than those presently used for trans-urethral
resection operations, and mnserted through the feed tube
mechanism of biopsy probe 10. Each of these tumor
treatments should prove to have a much greater rate of
success than present methods due to the early detection
atforded by the whole system, and would provide other
benefits (such as a shorter recovery time, less chance of
infection, probable retention of sexual function and
fertility) as well, for the patient.

An alternate form of the biopsy needle for the present
invention is illustrated in FIGS. 5a-5A. In this embodi-
ment, biopsy needle 78 1s an extruded triangular needle
formed of three separate, specially formed, ribbons of
stainless steel, as designated by reference numerals 80,
81 and 82. Ribbons 80, 81 and 82 are wound onto sepa-
rate miniature spools 83, 84 and 85 mounted on a sup-
port structure (not designated) at 120 degree angles to
each other (FIGS. 5a and 5b) within gimbaled head 12
of biopsy probe 10.

Spools 83, 84 and 85 are rotated simultaneously to
deploy or retract the respective ribbons 80, 81 and 82.
The distal ends of the ribbons extend through a triangu-
lar swaging die 87. As the ribbons are deployed from
the spools through the swaging die, the specially
formed edges lock together, forming a rigid triangular
structure that can be extruded through portal 45 from
the side of the slaved biopsy probe 10 to the length of
ribbon available on the spools. The cross sectional area
of the triangular tube 78 (FIG. 5d) approximates a nor-
mal biopsy needle. The tip end 79 of this biopsy needle
78 remains formed at all times and resides within the
swaging die 87 when the biopsy needle 78 is retracted.
A flexible tube 89 is secured within the base structure 60
to connect with a vacuum device (not illustrated). Vac-
uzum is applied through tube 89 for the aspiration of the
tissue sample obtained from tumor 35. After the tissue
sample is obtained, spools 83, 84 and 85 are rotated in
the opposite direction to withdraw the triangular bi-
opsy needle 78 back into the slaved biopsy probe 10. As
the structure passes back through the swaging die 87,
the ribbons are separated again and are taken back up
onto the spools.
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When the three ribbons (80,81,82) are in the retracted
position, they are not completely taken up on the spools
((83,84,85) and the leading edge of each ribbon remains
within the triangular swaging die 87. In the embodiment
described in reference to FIGS. 5a-54, the ribbon lead-
ing edges are welded together so that the cutting end is
permanently formed and shaped into a bevel much like
that of a conventional biopsy needle. The open tip end
79 of the triangular needle 78 accommodates a concen-
tric cutting plug 90 (FIG. Se) in the same manner as that
described for tip 49 in the standard biopsy needle of
F1G. 4b. In operation, the tapered wedge front of the
cutting plug 90 forms the cutting face of biopsy needle
78. When the tip 79 of needle 78 reaches the border of
the area of interest (tumor 35), the needle deployment is
stopped and the cutting plug 90 emerges from the open-
ing of needle 78 (FIG. 5/) and is pushed to the far edge
of the area of interest within the tumor 35. As the tip of
the cutting plug 90 passes through the tumor 35 tissue,
the tissue bulges down into a trough shaped opening 94
behind the head 90. When the desired depth in tumor 35
1s reached, the direction of travel of the cutting plug 90
18 reversed (FIG. 5g). This pulls the tissue in the trough
94 against the sharp edge of the biopsy needle opening,
thus shearing off the tissue in the trough. The cutting
plug 90 is retracted through the length of the formed
biopsy needle 78 (FIG. 54) until the tissue bearing
trough 94 1s adjacent to the opening of flexible vacuum
tube 89 for aspiration of the tissue sample.

Another alternate embodiment of the biopsy needle
of the present invention is illustrated in FIGS. 6a-64.
This embodiment is similar to that described in refer-
ence to FIGS. 5a-5d and like reference numerals are
employed for the common parts. In this embodiment, a
mechanical shearing action is employed to resect the
tissue sample from the area of the suspected tumor 35.
The triangular hollow stainless steel needle 78 is formed
from three ribbons of stainless steel 80, 81 and 82 ex-
truded from 120 degree angled spools 83, 84 (not visible
in this FIG) and 85, as described hereinbefore in refer-
ence to FIGS. 5a-54. One side of the ends of ribbons 81
and 82 are shaped such that they form tapering points,
while the end of ribbon 80 is tapered on both sides.
Ribbons 81,82 as extended from their respective spools
84 (not illustrated) and 85 are joined along one straight
edge thereof. The free edges of ribbons 81, 82 are
shaped to form a curved track for the purpose of guid-
ing the separately moveable third side 80. During the
process of extruding the biopsy needle 78 through the
rectum wall 29, side 80 is fully deployed to form a
closed point for needle 78. When the tip of the biopsy
needle 78 approaches the identified tumor area, spool
83, carrying rnibbon side 80, is stopped momentarily so
that it moves backward relative to the other sides 81, 82
thus forming an opening 91 in the tip of biopsy needle
718 (F1G. 6c and the left most illustration of FIG 6b).

The now exposed sharp edges of sides 81, 82 will cut
through and enclose a segment of tissue of a length
equivalent to the distance between where the opening
91 was activated and the maximum depth of needle
penetration. When the biopsy needle probe 78 is
stopped at the predetermined point, the side 80 moves
forward, cutting through and separating the tissue
within the biopsy needle lumen from the rest of the
prostate tissue. Biopsy needle probe 78 may then be
withdrawn from prostate 35 carrying the tissue sample
within itself, or the tissue sample can be aspirated from
within the lumen. When the biopsy needle 78 is with-
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drawn into the slaved biopsy probe 10, the probe itself
can be withdrawn from the patient, or treatment can be
initiated in the same manner described hereinbefore,
followed by the withdrawal of the prostate examination
and mapping probe 40 from the urethra.

FIG. 6¢c shows a top view of the biopsy needle 78
when top ribbon 80 is withdrawn to form opening 91
therein, while the left most illustration of FIG. 6b is a
end view of the maximum opening 91 in needle 78. The
center illustration of FIG. 6b shows top ribbon 80 as it
moves to partially close opening 91 while cutting the
tissue sample received in the lumen of needle 78 from
the remaining prostate tissue.

FIG. 64 is a side perspeciive of needle 78 as top rib-
bon 80 has moved to almost complete the severing of
the tissue sample and close opening 91 in needle 78,
while the illustration at the extreme right of FIG. 6b
shows a front end view of needle 78 when top ribbon 80
has progressed to the point shown in FIG. 6d.

Another alternative form of the biopsy needle of the
present invention is embodied as a permanently curved
needle, as illustrated in FIGS. 7a-7¢. This embodiment
necessitates that the orifice point 45 from which the
needle emerges must be able to translate in the longitu-
dinal plane of probe 10. The reason is that the needle
path is a segment of a circle, therefore, since tumors at
different depths would necessitate varying segments to
reach them, the entrance point must be controlled in
order to ensure that the arc intersects the proper point.

As illustrated, curved needle 92 is attached at its inner
end to flexible passageway 55 and slidable disposed
through a positioning block 92 fixed within slaved bi-
opsy probe 10 to exit at portal orifice 45. In operation,
the ultrasonic receiver 32 aligns the gimbaled head 12 of
probe 10 to the scan disk in which the tumor falls in the
same manner as that described hereinbefore in reference
to the other embodiments. Positioning block 92 is then
moved by computer conirols 47 to place orifice 45 at a
point such that the arc of the circle through which the
tip of curved biopsy needle 92 moves will intersect the
center of the identified tumor 35. Three different tumor
locations are illustrated in respective FIGS. Ta-7¢c, with
the fully retracted position of the curved needle 92
being shown in FIG. 7d. The mechanism for taking the
tissue sample is as described in the previous embodi-
ments. The ultrasonic receiver 32 1s not annular in this
embodiment since curved needle 92 emerges from a
point below the receiver.

In each of the described embodiments, after the de-
ployed biopsy needle (or treatment conduit) has been
retracted out of the prostate, through the rectal wall 29,
and into probe 10, it can be withdrawn via the rotary
selector, or instrument cylinder 60 and associated in-
strument passageway, from the probe 10. The rotary
selector 60 may then access an electric resistance
heater, (one of the functional elements 67 described
hereinbefore in reference to FIG. 2) which is then
passed through the system until the tip emerges from
orifice 45 and comes in contact with rectal wall 29.
Localized heating or a similar technique is then used to
produce scar tissue blocking the exit wound in the rectal
wall 29. Once the sealing device is, in turn, withdrawn
from probe 10, passageway 55 can be used to conduct
topical antibiotics to the area in the same manner.

Referring now to FIGS. 8a-8c, the apparatus and
procedure for automated processing of the extracted
biopsy tissue sample will now be described. An optical
examination system and procedure is illustrated in
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FIGS. 7a and 756 wherein the tissue sample 100 is sec-
ttoned into a number of thin slices 102 which are pres-
ented on a substrate to a built-in microscope fitted with
a miniature video camera 104. Video equipped micro-
scopes of this type are commercially available and may
be integrated with the system computer 47 to acquire,
and display, the image on the built-in display screen 48.
Alternately, the image may be transferred to a remote
display or transmitted via electronic mail to a pathology
laboratory for analysis. When the image is to be ana-
lyzed on site, the on-line data base network of the pa-
tented prostate examination system referred to herein-
before can be used to access images of known tumors
for comparison purposes.

When acquired, the tissue sample 100 is deposited in
a chamber 106 containing a gel material (not desig-
nated) therein that is in the liquid state by virtue of the
fact that it is held at approximately 100 degree F by a
surrounding water bath contained in a tank 108. The

10

135

water temperature in tank 108 is controlled by a flow of 20

water therethrough via a suitable water inlet and water
outlet, as designated respectively, by reference numer-
als 113 and 116. Once tissue sample 100 is immersed in
the fluid gel, the temperature of chamber 106 is low-
ered, by changing the flow of water through tank 108 to
cool water, causing the gel to solidify. The collagen
based hydro-gels employed solidify or gel when the
temperature thereof drops slightly below 100 degrees F.
Once the gel is solidified, the tissue sample 100 is held in
the rubbery matrix.

In heu of the gel material, paraffin wax may be em-
ployed in chamber 106, requiring slightly higher tem-
perature in tank 108 for liquification thereof.

The bottom of chamber 106 is formed by the upper
face of a moveable ram 110. Ram 110 is employed to
incrementally push the gel mass with the enclosed tissue
sample 100 out the top of chamber 106. As the gel mate-
rial 1s extruded from the top of chamber 106, a rotating
microtome knife 112, driven by motor 114, cuts succes-
sive shices 102 from the mass. The cold water flow in
tank 108 floats the detached slices 102 away from the
gel mass. The floating thin slices 102 are collected, one
at a time, on a ribbon of mylar film 115 which emerges
at an angle from the surface of the water flow and is
moving in the same direction as the flow. The thin tissue
slices 102 are then transported by the ribbon 115 to the
focal point of microscope 104 where they are illumi-
nated and imaged. The images are enlarged and en-
hanced in the computer 47 and are then displayed on the
computer screen 48 in succession.

‘The operating physician has the option of making the
diagnosis at that time, or the images may be forwarded
electronically to a remotely located pathologist for
further examination and/or diagnosis.

Referring now to FIG. 8 an ultrasonic density exami-
nation system for analyzing suspect tissue specimens is
shown, and designated generally by reference numeral
120. Examination system 120 makes use of the fact that
there are differences in the ultrasonic characteristics of
malignant and nonmalignant tumors at various frequen-
cies. Once a tissue sample is extracted by the slaved
biopsy probe 10, the sample is deposited in a receiving
chamber 121 where it is broken up into individual cells
by a macerator 123 with water being added thereto to
make a cell suspension. This suspension is then trans-
ferred, via conduit 124, to an ultrasonic chamber 125
and subjected to a swept-frequency ultrasonic field
transmitted from a large transducer 127 on one side of
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chamber 125 and received by a matching transducer 128
on the opposite side of ultrasonic chamber 125. The
density and absorption characteristics of the sample
cells are measured at different frequencies and the re-
sults compared to a look-up table containing values
derived from samples of known malignancies by com-
puter 47. The results of the comparisons and any noted
similarities are displayed on the computer display
screen 48 for the operating physician to use in evaluat-
ing the data and making the diagnosis. These results also
would be automatically archived by the base computer,
along with all patient data and direct difference com-
parisons with historical data from the individual patient
being evvaluated, as in the patented system referred to
hereinbefore.

The present invention will also permit the use of a
recently developed diagnostic system which uses laser
induced florescence to differentiate between malignant
and non-malignant tumors. By deploying a fiber optic
borne laser illuminator through an instrument conduit
as described herein, this technique could allow real
time, on site diagnosis, thus permitting immediate, ap-
propriate treatment during a single doctor-patient inter-
action.

The virtues of the above described invention over
conventional biopsy needle and analysis systems in-
clude; precise placement of the biopsy tube to take the
tissue sample exactly where the physician wants (i.e. at
the core of the tumor), control over the size of the tissue
sample obtained, the ability to characterize the tissue
sample while the biopsy probe is still in place, the ability
to immediately deliver potent treatment modalities as
described, the ability to clean and seal the exit wound to
prevent infection, and the patient comfort features.
Thus, the present invention maximizes both patient
comfort and the precise extraction of tissue samples
from the area of interest without the accessibility prob-
lems encountered by prior art systems, and provides the
means to employ advanced new treatment options.
Accordingly, these and other features of the present
invention should have a major impact on the number of
false negatives now experienced when employing cur-

rent biopsy sampling procedures.

No specific materials have been discussed herein for
most of the component parts of the invention, it being
understood that, where no materials are mentioned, any
metal, alloy, plastic or composite material suitable for
the purposes intended is considered applicable for con-
structing the component parts of the invention. Also,
various conduits, motors, actuators, reservoirs, and the
like, have not been described in detail in the interest of
brevity and clarity, it being understood that where such
conventional features are needed, they are intended to
be included in the specific examples described herein.

Although the invention has been described relative to
specific embodiments thereof, it is not so limited and
there are numerous vartations and modifications of the
invention that will be readily apparent to those skilled in
the art in the light of the above teachings.

It 1s therefore to be understood that, within the scope
of the appended claims, the invention may be practiced
other than as specifically described herein.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. In combination with an ultrasonic system for de-
tecting, identifying and precisely locating tumors in the
prostate gland of a patient and including, a control
computer positioning and removal mechanism for a
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ultrasonic transmitter carried by a urethral probe, and a
control computer screen visible to the medical person-
nel utilizing the system, the improvement therewith
consisting of:

a computer controlled biopsy system for taking a

biopsy of the located tumor;

sald biopsy system including a rectal probe movable

by and controlled by the computer;

said rectal probe positionable within the rectum of

the patient having the suspected tumors;

said rectal probe housing a biopsy needle;

ultrasonic receiver means carried by said rectal probe

for receiving ultrasonic signals from the ultrasonic
transmitter carried by the urethral probe;

said ultrasonic receiver means carried by said rectal

probe assisting in, and serving to indicate, align-
ment of said biopsy needle with the tumor;

means for extending said biopsy needle from said

rectal probe and inserting said biopsy needle
through the rectum wall into the prostate to enter
and take a tissue sample from the center of the
detected tumor; and

means for retracting the biopsy needle and contained

tissue sample from the patient for analysis while
leaving the urethral and rectal probes intact.

2. The combination of claim 1 including at least one
optical lens carried by, and disposed adjacent to an
opening in, said rectal probe to provide visual images of
the rectal wall;

said optical lens being In communication with the

control computer screen to provide visual images
of the rectal wall to the medical personnel employ-
ing said biopsy system; and

means for rotating said rectal probe to permit place-

ment of said optical lens at the desired angular
relationship within the rectum.

3. The combination of claim 1 including lubricant and
anesthetic ports in said rectal probe to dispense lubri-
cant and facilitate insertion of said rectal probe in the
rectum and to dispense an anesthetic cleanser to anes-
thetically wash down the rectal wall area to be pene-
trated by said biopsy needle.

4. The combination of claim 1 including means car-
ried by said rectal probe to seal the exit hole made by
the biopsy needle upon withdrawal of said needle from
the rectal wall; and,

means for dispensing an antibiotic to the sealed area

to minimize the possibility of infection.

5. The combination of claim 1 wherein said rectal
probe includes a gimbaled tip end portion; said biopsy
needle being positioned within said gimbaled tip end
portion; and

means for manipulating the vertical angle of said

gimbaled tip end portion to align said needle with
the detected tumor.

6. The combination of claim 1 wherein said ultrasonic
recelver means carried by said rectal probe comprises a
convex wedge shaped plug member; said convex wedge
shaped plug member also serving as a closure for the tip
of said biopsy needle and as a penetrating point for said
biopsy needle; and

means for extending and withdrawing said convex

wedge shaped plug member within said biopsy
needle to expose a tubular cutting edge at the tip of
said needle for cutting and removal of a sample of
tissue from the detected tumor.

7. The combination of claim 6 wherein said biopsy
needle is constructed of a memory material tube;
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a tubular condutt for housing said biopsy needle and
providing communication therewith with com-
puter controls;

a curved passageway formed in said tubular conduit;
said tubular conduit having a distal end connecting
said curved passageway to an exit portal in said
rectal probe and a proximal end in communication
with a rotary instrument selection cylinder dis-
posed within said rectal probe.

8. The combination of claim 7 including an annular
heating element surrounding said tubular conduit at the
distal end thereof:

sald biopsy needle being maintained in the shape of
sald curved passageway in the retracted position
and, upon command, being pushed out of said exit
portal while being heated by said annular heating
element to assume a straight, rigid, condition.

9. The combination of claim 8 including an internal
heating element disposed within said biopsy needle to
maintain the elevated temperature thereof achieved by
the heat from said annular heating element when said
biopsy needle exits said anal probe and penetrates the
rectal wall.

10. The combination of claim 9 wherein said tubular
conduit is slidably connected to a top center port in said
rotary instrument selection cylinder;

said rotary instrument selection cylinder having an
elongated S-curve shaped passageway extending
therethrough from said top center port to an open-
ing adjacent the periphery of said rotary instru-
ment selection cylinder, to thereby provide an
off-set interface between the instrument passage-
way and a series of instrument feed tubes;

sald instrument feed tubes slidably interfacing with
the lower face of said rotary instrument selection
cylinder to provide selective functional elements
access to the tumor of the patient.

11. The combination of claim 10 including said tubu-
lar biopsy needle extending through said tubular con-
duit, said rotary instrument cylinder and one of said
instrument feed tubes, and protruding into a drive
mechanism;

said drive mechanism serving to selectively drive said
needle forward into the tumor or back to withdraw
said needle through the instrument feed tube to
recover the tissue sample obtained thereby: and to
clear the way for the deployment of other instru-
ments through said passageway.

12. The combination of claim 11 including said con-
vex wedge shaped plug for said tubular needle being
provided with an integral cable extending completely
through the lumen of said tubular biopsy needle and
also engaging a plug control capstan/idler wheel drive
mechanism, said convex wedge shaped plug being mov-
able with said tubular biopsy needle forward, and inde-
pendently movable forward and backward, by said plug
control capstan/idler wheel mechanism to first, clear
the lumen of said tubular biopsy needle to permit taking
of the tissue sample and second, to completely with-
draw said convex edge shaped plug through its desig-
nated instrument feed tube to permit access to the tissue
sample for evaluation.

13. The combination of claim 1 wherein said biopsy
needle comprises an extruded triangular needle formed
of three separate stainless steel ribbons;

each of said separate stainless steel ribbons being
wound onto an individual spool;
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a support structure having said individual spools
mounted thereon in a spaced 120 degree angular
relationship;

means for simultaneously rotating said spools to de-
ploy and retract said separate stainiess steel rib-
bons;

a swaging die receiving said separate ribbons as de-
ployed from said spools and serving to interlock
the ribbon edges to form a rigid triangular needle
structure;

a triangular shaped needle tip provided in said swag-
ing die and connected to each of said separate rib-
bons;

a flexible tube in communication with said triangular
shaped needie tip;

said flexible tube being in connection with a vacuum
device disposed external to said rectal probe; and

said vacuum device serving to aspirate the tissue
sample obtained by said biopsy needle to an analy-
sis station.

14. The combination of claim 13 wherein said three
separate stainless steel ribbons are provided with sharp
leading edges and welded together to form said triangu-
lar shaped needle tip;

said needle tip having an open beveled end and dis-
posed within said swaging die;

sald open end of said triangular shaped needle tip
being closed by an exposed beveled cutting plug
slidably received therein;

said exposed beveled cutting plug having a tapered
face disposed flush with the beveled ends of said
three stainless steel ribbons;

said beveled cutting plug including a trough depres-
sion disposed aft of the tapered face thereof;
whereby,

when said beveled cutting plug is extended beyond
the beveled ends of said three stainless steel ribbons
to expose said trough depression, the surrounding
tumor tissue bulges into and fills said trough de-
pression; and

when said beveled cutting plug is retracted back into
said needle the tumor tissue in said trough depres-

sion 1s sheared off by said sharp beveled ends of

said stainless steel ribbons for aspiration by said
vacuum device.

15. The combination of claim 1 wherein said biopsy
needle comprises an extruded triangular needle formed
of three separate stainless steel ribbons;

cach of said separate stainless steel ribbons being

wound onto separate individual spools;

a support structure having said individual spools
mounted thereon at 120 degree spaced intervals;
means for rotating said spools to individually deploy
and retract said separate stainless steel ribbons;
two members of said separate stainless steel ribbons

being provided with tapered end surfaces along a
free edge thereof and the other edge of each of said
two members of said separate stainless steel ribbons

being straight and joined to each other;

said free edges of said two members of said separate

stainless steel ribbons forming a track for receiving
and guiding the third of said separate stainless steel
ribbons;

said third member of said stainless steel ribbons hav-

ing an end surface that closes the tapered end sur-
face of said two members of said stainless steel
ribbons to form a tapered tip for said biopsy needle;
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said third member of said stainless steel ribbons being
retractable a distance from said two members of
said stainless steel ribbons to expose an open end
needle to cut and remove a tissue sample from the
detected tumor;

said third member of said stainless steel ribbons being
again deployed to close the tip end of said biopsy
needle and capture the cut tissue sample therein.

16. The combination of claim 1 wherein said rectal
probe includes a gimbaled tip end portion and said ultra-
sonic receiver means is supported by said gimbaled tip
end portion; |

said biopsy needle comprising a permanently curved
needle that moves in a path constituting an arc of a
circle;

salid curved needle having an inner end secured to a
flexible passageway supported by said rectal probe;

a computer controlled positioning block carried by
said rectal probe and slidably receiving said curved
needle therethrough; whereby

said ultrasonic receiver means aligns said gimbaled
tip end portion with the detected prostate tumor
and the computer controls linearly moves said
positioning block to a point wherein the tip of said
curved biopsy needle will move in an arc of a circle
that penetrates the center of the detected tumor.

17. A system for obtaining a biopsy of a prostate
tumor comprising, in combination:

a urethral probe for ultrasonically detecting and lo-
cating the position of a tumor within a prostate
capsule;

computer means connected to said urethral probe and
including a computer screen for displaying an
image and relative location of the prostate tumor;

a rectal probe containing a biopsy needle;

sald computer means being also connected to said
rectal probe and said computer screen displaying
an image of said rectal probe relative to said ure-
thral probe;

ultrasonic recetver means carried by said rectal probe
for aligning said biopsy needle with the prostate
turor;

means for extending said biopsy needle from said
rectal probe to the prostate tumor and for taking a
biopsy tissue sample therefrom; and

means for retracting the biopsy needle and tumor
tissue sample through said rectal probe to an analy-
sis station.

18. The combination of claim 17 including an optical
interpretation system for processing of the tumor tissue
sample taken by said biopsy needle:

said optical interpretation system including a tissue
receiving chamber for receiving the tumor tissue
sample; |

said tissue receiving chamber containing a quantity of
a meltable material therein; |

a temperature controlled water bath surrounding said
tissue chamber;

means for maintaining said meltable material in a
melted liquid state when said tumor tissue sample is
received therein, and permitting cooling of said
meltable maternial to cause said meltable material to
become a solidified matrix after receipt of said
tumor tissue sample;

a movable ram disposed at the bottom of said tissue
receiving chamber;
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said movable ram serving to incrementally push the
solidified mass toward the top of said tissue receiv-
ing chamber;

a rotating microtome knife assembly disposed at the
top of said tissue receiving chamber and serving to
cut successive thin sample slices from the solidified
mass as said ram moves said mass upward;

means for idividually transporting each successive

slice to an observation site;
a microscope at the observation site and having a

focal point for illuminating and imaging the indi-

vidual sample slices;

said computer means serving to enlarge and enhance
the sample slice images; and |

said computer screen displaying the enlarged and
enhanced tmages for observation and interpretation
by the attending medical personnel.

19. The combination of claim 18 wherein said temper-
ature controlled water bath is provided with a water
inlet and a water outlet;

said water 1nlet and said water outlet permitting con-
tinuous water flow therein whereby hot water flow
raises the temperature of the water bath and con-

- tained tissue receiving chamber to a temperature
maintaining the contained meltable material in the
liquid state until the tumor tissue sample is depos-
ited therein; and

a flow of cold water causes the water bath and con-
tained tissue chamber to drop to a temperature
effecting solidification of the meltable material
after the tumor tissue sample has been received
therein.

20. The combination of claim 17 including an ultra-
sonic density examination system for processing the
tumor tissue sample taken by said biopsy needle;

said ultrasonic examination system including a tumor
tissue receiving chamber;

a macerator containing a quantity of water receiving
the tumor tissue sample from said tumor tissue
recelving chamber and forming a cell suspension of
the tumor tissue sample;

an ultrasonic chamber receiving the tumor tissue
sample cell suspension from said macerator;

a first ultrasonic transducer on one side of said ultra-
sonic chamber and a second matching ultrasonic
transducer on the opposite side of said ultrasonic

- chamber; whereby

said first ultrasonic transducer transmits a swept-fre-

quency ultrasonic field through said ultrasonic -

chamber with said swept-frequency ultrasonic field
being received by said second ultrasonic trans-
ducer and indicating the density and absorption
characteristics of said tumor tissue sample in said
ultrasonic chamber at the different frequencies, and
said computer and computer screen indicate the
comparison and similarities of said density and
absorption characteristics with known malignan-
cies for evaluation by the attending medical per-
sonnel.

21. A method of obtaining and analyzing a biopsy of

a prostate tumor comprising the steps of:

(a) providing a urethral probe for ultrasonically de-
tecting and locating the position of a suspected
tumor within a prostate capsule;

(b) providing a slaved biopsy probe housing an ultra-
sonic receiver and a biopsy needle;
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employing the ultrasonic receiver to precisely locate
the suspected prostate tumor and align the biopsy
needle therewith;

(c) extruding the biopsy needle from the biopsy probe
to penetrate the rectal wall and extend into the
suspected tumor;

(d) extracting a tissue sample from the suspected
tumor with the biopsy needle;

(¢) while leaving the biopsy needle within the sus-
pected tumor, extracting the tissue sample there-
from to an analysis station; and,

- (f) analyzing the tissue sample to determine if the
tissue sample is malignant.

22. The method of claim 21 including performing
each of steps (a) through (f) under the control of a com-
puter.

23. The method of claim 22 including the step of
providing treatment directly to the prostate tumor via
the rectal probe after it 1s determined that the tumor is
malignant.

24. The method of claim 23 wherein the treatment
provided directly to the prostate tumor is selected from
the group of tumor treatments selected from the group
of treatments consisting of thermal, surgical, chemical,
radiological, high energy and cryogenics.

25. The method of claim 21 wherein the step of ana-
lyzing the tissue sample includes an optical analysis
procedure and including the steps of:

depositing the tissue sample in a container of a liquid
gel material;

employing an elevated temperature water bath for
maintaining the gel in a liquad state until the tissue
sample is received therein;

reducing the temperature of the water bath to cause
the gel to solidify into a rubbery matrix containing
the tissue sample;

incrementally slicing thin slices of the solidified gel
containing the fissue sample;

transporting the thin slices to an observation site;

providing a microscope at the observatton site having
a focal point for illuminating and imaging the mdi-
vidual sample slices;

employing the computer to enlarge and enhance the
sample slice images and make comparisons of the
enhanced images with known maliginances;

utilizing the comparison results by displaying onto
the computer screen for viewing and utilization by
attending medical personnel; and

selectively, data link conveying the comparision re-
sults to remote locations for interpretation by other
medical personnel.

26. The method of claim 21 wherein the step of ana-
lyzing the tissue sample includes an ultrasonic analysis
procedure and including the steps of:
 depositing the tissue sample in a tumor tissue receiv-

ing chamber;

transferring the tissue sample from the tissue receiv-
ing chamber to a macerator containing a guantity
of water therein;

macerating the tissue sampie to form a cell suspension
of the tumor tissue sample;

transferring the cell suspension of the tumor tissue
sample to a ultrasonic chamber;

providing a first ultrasonic transducer on one side of
the ultrasonic chamber;

providing a second ultrasonic transducer on the op-
posite side of the ultrasonic chamber;
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employing the first ultrasonic transducer to transmit a employing a computer screen to indicate the compar-

swept-frequency ultrasonic field through the cell ison and §1n_1113r1t1es Of: the density and absorpt*on
characteristics of the tissue sample cell suspension

suspension contained in the ultrasonic chamber and with known malignancies for evaluation by the
received by the second ultrasonic transducer:; 5 attending medical personnel; and
employing a computer to determine the density and providing automatic archiving of the patient data

: - : obtained along with direct difference comparisons
absorption characteristics of the tumor tissue cell with historical data from the individual patient

suspension in the ultrasonic chamber at the differ- being evaluated.
ent frequencies; 10 N L N

15

20

235

30

35

45

50

33

65



	Front Page
	Drawings
	Specification
	Claims

